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LIPT, DRAG, AND HINGE MOMENTS AT SUPERSONIC SPEEDS OF
AN ALL-MOVABLE TRIANGULAR WING AND BODY COMBINATION

By Williem €. Drake
SUMMARY

This report presents hinge-moment data for a wing-body combination
at Mach numbers of 1. }.Lﬁ and 1. 000 in addition. 1ift snd ﬁma- reanlts

on, 1lift and
are also presented at the lower Mach number. The model tested con-
sisted of an aspect ratio L, triangulsr, all-movable wing with an
8-percent-thick double-wedge section mounted on a pointed cylindrical
body of fineness ratio 9-1/3. At the lower Mach numbeér, the test dats
cover an angle-of-sttack range from about -6° to sbout 15° with wing
deflections ranging from -5° to 16°; st the higher Mach number, the
respective ranges are from about -5° to about 28° and 0° to 16°.
Results of systematic tests made to determine the effects of Reynolds
number, fixing transition on the body nose, and wing-body gap width are
alsc presented.

The results contained in this report show that the trisngulsr, all-
moveble wing has a relative effectiveness (defined as the ratio of
experimental 1ift to theoretical 1ift} ranging from 63 to 98 percent.
For equal angles, the 1ift and drag rise due to wing deflection sre less
than those due to model angle of attack. Since the maximum center-of-
pressure shilft was found to be only about 3 percent of the mean asero-
dynemie chord, the control can be fairly closely balanced over a large
range of angles of attack and deflection at a Mach number of 1.46. The
effects of the varlstions of Reynolds number and gap and of fixing
transition on the body nose are shown to be negligible or small.

Comparlsons are made between experiment and theory. The theories
used are discussed and shown to be adequate within the ranges of angles
of attack and deflections for which the theorles are applicsble.
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INTRODUCTION

In a review of the literature for the preparation of reference 1,
it was found that there were relatively little experimental superscnic
data currently available on hinge moments of all-movable wings. It is
the purpose of this report to present data for & body in combination
with a trianguler wing et Mech numbers of l.&6 and 1.99 and to compare
the results with avallable theory.

SYMBOLS
Ap plan-form area of body, sq in.
Cp foredrag coefficient, total drag - base drgg
; . aSp
Cpo foredrag coefficient when o = 0° and & = Q°
Ch hinge-moment coefficient, DRINge moment
gSgc
Chg, rate of change of hinge-moment coefficient with angle of attack,
oCh
=’ per deg
cr, 1ift coefficient, 1iLt
asp
CIq rate of change of 1ift coefficient with angle of attack, g;é,
per deg

ol

mean aerodynsmic chord, % cpy in.

Cde section drag coefficlent for an Infinite cylinder
cn root chord of wing (at body jJuncture), in.

d body diameter, in.

g wing-body gap width (at ® = (°), in.
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EN 1ift-retic perameters for body pose, body in presence of wing,
KB(W) and wing in presence of body

(See ref. 1 for complete definitions.)
¥B(w) _

M Mach number
dynemic pressure, -1b/sq in.
Reynolds mmber, based on body length

q

R

Sg body cross-section area, sg in.
%

distance from leading edge of wing-body Juncture to center of
pressure of wing panel in fraction of wing root chord

(ﬁ%) distence Prom leading edge of wing-body Juncture to hinge line
" in fraction of root chord

E:EE distance of center of pressure of the wing panel from the hinge
< line in frection of mean aerodynamic chord '
a angle of attack, deg

aDmin angle of attack for minimum drag, deg

S wing deflection angle, deg

C
] relgtive effectlveness of the wing in 1ift, E_EQSEQL_
( CL) theo

correction to eg, for finite length .

|

Subscripts

B(W) body (exclusive of nose) in presence of wing
exp experiment
H hinge line

min minimum
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N nose

nom nominal S S . _—
theo theory

W wing alone

W(B) wing in presence of body

a a varisble,  constant

el 5 vaerisble, o constant

Coefficlents used without subscripts refer to the wing-body com-
bination.

Figure 1 shows the positive sense of all coefficients, angles, and
directions. ' - - NS

THEORETICAL CONSIDERATIONS

Lift

In reference 1l it was shown that the total 1ift of a body-wing
combination 1s

Cr= { [KN + Kié(wj + KW(B)] < ﬁ“_[k_}a(w) * kw(é)] 8}(01@)4 | (1)

Equetion (1) can be separated into its component parts: 1ift due to
angle of attack

ACT, = [KN + Kg(y) + KW(B)] m(CLa)w (& constant) (2)

and 1lift due to wing deflection

aey, = [k:a(w) * kw(n)] ® (%)W = %y(e) ® (%)w (o constant)  (3)



HACA RM A53F22 5

Reference 1 stated that experimental values of (CLm)W should be
used when available in preference to the value from linear theory. The
experimental value of (CLG)W at M = 1.50 for a geometrically similar
wing (ref. 2) was corrected to a Mach number of 1.46 and utilized in the
calculations; its value is tabulated in teble I. The value of (CIG)W

from linear theory is sbout 15 percent higher than the experimental
value. Also listed in table I are the various lift-ratio parameters
(obtained from fig. 1 of ref. 1) required for equatioms (1), (2), or (3).

Drag

Drag due to 1ift is calculsted from

Cp = Cp, +-§%{[Kw(3)a + kW(B)S] (o + 8) + [Ks(v})m * kB(W)S:I @+

s 3
% (E) e G ee v |75

where, for the wing-body combination tested,

mDmin=‘—§|-[55-/(55)2+865<%>} (5)

These equations were taken from reference 3 and converted to the notation
of this report. The theory assumes that there is no leading-edge suction
on the wing and that the resultant force on the body nose acts at a rear-
ward inclination of «/2 from the vertical in accordance with slender-
body theory. The final term of equation (U4) accounts for the effect of
body crossflow on minimum dreg but does not affect the drag rise; it

was shown in reference 3 that inclusion of this term resulted in better
agreement between theory and experiment. According to equation (4) the
drag curve is a parabola; hence, the rate of drag rise

(CD - Cppip) / (o - appip)® is the same at all deflections. Experimental

values of Cp, from the current tests are used in equation (4) since the

theory determines dreg rise only. The various quentities required for
substitution in equation (U4) are listed in table I.

(%)
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Hinge Moment and Wing Center of Pressure

In reference 1 the following equetion was advanced for the hinge
moment of a wing in the presence of a cylindrical body:

on=-{ (s | (F (B)a” (ff} }“’“kw( Kcr>w(3)s G‘r-) }] &) ( >"

(6)

Equation (6) can be aseparated into its component parts: hinge moment
due to angle of attack

ACh = - KW(B)K%. (B)a-@";)H]( )(Clo,>w constant)  (7)

and hinge moment due to wing deflection

0] () DB ¢ e

It was pointed out in reference 1 that 1f the theoretlcal values of

; .
(Ei and zf) were used in the foregoing equations, accurate

W(B)a r/w(B)d
values of the hinge-moment coefficient were usually not obtained. An
empirical modification was suggested to improve the method: Instead of

STAI(B)a
chart (fig. 4 of ref. 1) directly into equations (7) and (8), the chart
values should first be revised by adding the difference between the

experimental and theoretical center—of-pressure positiona of the wing
alone; that is, :

(3_ (Ba =K_>W(B)Jth (M Ké)w]theo} ® =0

the subgtitution of —_ and (}_{) as read from the design
Ww(B)s

¥

-
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(3% (B)8=[ <§5 (B)5lzheo+{l:<§;>w:|exp-|:<§;>wl:heo} (@ =0 o

For the purposes of this report, the values of experimental wing-alone
center of pressure were obtained from the data of reference 2 and con-
verted to the notation used herein. The values are given in table I
along wilth the varilous other parameters required for the preceding
equations.

EXPERIMENTAL CONSIDERATIONS

Apparatus

Wind tunnel.- The tests were performed in the Ames supersonic wind
tunnel No. 1 which has & test section nominally 1 foot wide by 3 feet
deep. This wind tunnel is a contlinuocus-operation, closed-circuit tunnel
in which both the Mach number and the Reynolds number can be varied.

. buring force tests, the humidity of the tunnel air is kept sufficiently
low so that the effects of condensation of water wvepor in the supersonic
nozzle are negliigible.

Balance system.- A four-component, strain-gage type of balance
system, shown in figure 2(a), was used to measure the aerodynsmic forces.
The hinge moments were meassured by means of & strain-gage beam enclosed
within the body of the model. Two different types of balsnce support
were used in the present iInvestigation. For the M = 1.46 tests, the
model and belance system rotated sbout a horizontal axis behind the bal-
ance (see fig. 2(&)); the maximum possible angle range with this support
was only about -6° to +6°. The support employed for the M = 1.99 tests
rotated the model-balance system approximately about the midpoint of the
model body; an sngular range of asbout -20° to +20° was possible with this
support.

Model.- The model used in this investigation consisted of & body
end an all-movable wing which were fabricated from steel. Dimensional
data sre given in figure 2(b) and table II, and the model is shown
mounted in the tunnel in figure 2(c). As can be seen in figure 2(a), the
ghafts of each wing panel (these panels are independent of each other)
were supported by ball bearings in the sides of the body, and thelr ends
were clamped together and held by friction in one end of the gage beam.
The other end of the gage beam was restrained by the body structure.
Deflection angles were set by means of Jjigs which slipped over the body
and hed angular cuts that fitted against one surface of each wing panel.
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Sting.- The model was supported on the end of a tapered sting
which was attached to the balance beam. Axes of the model and sting were
coincident. For the M = 1.46 tests, two stings were used in order to
extend the angle-~-of-attack range of the model. One sting had its axis
coincldent with that of the balance and was used for testing at engles
of attack between about t6°. The other sting had ite axls at approxi-
mately T° relative to that of the balance; hence, the angle of attack’
could be varied from about 1° to arqund 14°, For the tests at M = 1.99,
only the T7° sting was used. - :

The portion of the ating between the base of the model and the end
of the balance wae surrounded by a shroud, the purpose of which was to
shield that part of the sting from the air stream. There was a gap of
approximately 1/32 inck (in the no-losd condition) between the base of
the model and the noge of the shroud to allow for drag-gege deflection.

Tests and Methods

At a Mach number of 1.46 1ift, drag, and hinge-moment data were
obtained for ranges of angles of attack, wing deflection, Reynolds num-
ber, and wing-body gep. Most of the tests were run with natural {tran-
sition of the boundary layer; for a few conditiomse, however, transition
was fixed on the nose of the body. Only hinge-moment data were obtained
at M= 1.99. All tests were run at zero yaw and zero bank. The scope
of the test progrem is shown in detail in teble IIT.

Angles of attack were determined from photographs which showed the
position of the model relative to a wire-grid system sffixed to the tunnel.
Far. those runs listed as "transition fixed" in table III, two 0.010-inch-
diameter wires were attached to the model ebout 1/4 inch and 3/8 inch
(2- and k4-percent body length) from the body nose.

The drag data are presented in terms of foredrag, that is, total
drag minus base drag, and all further references to drag in this report -
mean foredrag unless stated otherwise. Base drag was calculated from
base-pressure measurements msde concurrently with the force messurements.
The base pressure was measured by an orifice which was located in the
sting in the gap between the base of hody and the nose of the shroud.

Precigion of the Results

Calculations were maede to determine the precision of the data pre-
sented 1n this report. In addition, a considerable number of check runa
(21 percent) were made to ascertain the rellability of the lnstrumentstion
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and testing technique used. A study of the data showed that the precision
calculations and check runs indicated errors of approximately the same

order of magnitude. The precislon of the data is summarized in the fol-
lowing teble: '

Ttem Preclsion

M +0.01

CL t0.0h

Cp +0.02

@ +0.1°

g +0.003 in.
Model dimensions +0.02 in.

No corrections to the data for the effects of nonuniformities (stream
angles end pressure gradients) in the test air stream were required.

Some comments concerning the wing mettings are in order. The jJige
used in setting the wings were machined to the nominal deflection angles
within close tolerances. However, there was a systematic error in the
settings; the left wlng angle was always greater, and the right wing
alweys less, than the nominal angle by about l/lL0 on the average. Even
though & differential angle existed, the precision of the average deflec-
tion angle of the two wing panels relative to the nominal angles given in
this report is about *0.1°.

RESULTS AND DISCUSSION

The 1ift, drag, and hinge-moment data obtained at M = 1.4 and

R =5.7 miliion with the emall wing-body gap and transition natursel are

contained Iin figure 3. Figure L presents the hinge-moment date obtained
at M = 1.99.._ '

Lift

Effects of « and 8.- As shown in figure 3, the 1lift curves for
all deflections are essentially linear at moderate angles of attack. If
the 1ift data of figure 3 are replotted against the total angle of attack
of the wing o + &, then an upper limit of linearity is found to exist;
it is approximately 8° for all the angle combinations of these tesis.
Above this angle there 1s a gradusl decrease in 1ift curve slope with
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increasing angle of attack and Incressing deflection, the decrease due
to & ©belng grester than that due to o. Maximum 1ift was not reached
in these tests, even at o + & z 31°, - :

Comparisons with theory.- Theoretical 1ift is plotted in figure 3
along with the experimental deta. In the angle-of-attack range where the
experimental 1ift curves are 1inear, it is seen that the prediction of
lift-curve slope (eq. (2)) ie good at smell values of o + &. Beyond the
linear range of the experimental data, where the limits of the theory have
been exceeded, the slope prediction is poor. The Cy, displacement
between the experimental and. theoretical 1ift curves, to be noted in the
linear range of the experimental data, exists because the theory for the
lift-curve slope due to deflection (eq. (3)) 1s not as accurate as the
theory for the lift-curve slope due to angle of attack (eq. (2)) - this
fact was also shown in figure 8 of reference 1.

Relative effectiveness.~ The relative effectiveness of the wing
in 11f%, 1, is defined, for the purposes of thia réport, as the ratio of
experimental 11ft to theoretical 1lift for the wing-body combination. In
the region of zero 1ift, slopes were used In computing 17, and the experi-
mental curve for & = 0° was shifted to pass through the.origin. Fig-
ure 5 shows the varlastion of 17 for the all-movable, triangular wing-
body combination. The relative effectiveness of this type of control is
seen to be good throughout the angular range tested. The decrease In 7y
due to angle of attack 1s independent of wing deflection and amounte to
about 10. percent at a = 15°. - The decrease due to deflection is con-
glderably greater and approximately linear, within the accuracy of the
measurements. At low values of o + d, the effectiveness is 98 percent;
at o + B = 31° it 1s 63 percent.

Effects of Reynolds number, fixing transition, and wing-body gap
width.- Oystematic Lesls were made Lo ascertain the eilects of Reynolds
number, fixing transition, and gap width on the aerodynamic characterw
istics. Presented in figure 6 are typical resulte from the tests that
were conducted (table III). Figures 6(a), 6(b), and 6(c), respectively,
show thet Reynolds number, fixing transition, and gap had little or no
effect on the 11ft data throughout the angular range tested. Variations
in Cj, of the order of 0.1 were considered small, The gap data pre-
sented in reference 1 for four values of gap wildth at only one Reynolds
number and at zero deflection also showed little effect on 1ift,

Drag

Effects of o and §.- Drag coefficient is plotted against angle of
attack for various wing deflections in figure 3, where it can be seen that
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the curves are essentially of parsbolic shape. If the drag data of
figure 3 are cross-plotted against & for constant o and compared with
the comparasble date of figure 3 (see fig. 7 for typical results), it is
apparent that the variation of Cp - Comin -with & is only sbout half

as much as the varistion with a; this difference 1s predicted by theory.
The increase in CDmin due to deflection is small as shown by the data

(fig. 3) up to B = 8° and by the trends of the curves for & = 12° and
16°. The slight asymmetry of the drag curves 1s believed to be due to
small stream effects.

Comparisons with theory.- The theoretical variation of drag, as
given by equation (L), is plotted in figures 3 and 8 for comparison with
the experimentel date. Where the range of the data is such that the drag
curves of figure 3 can be superimposed at CDmin and Dmin’ the drag rise
with increasing angle of attack, and consequently with 1ift, is found to
be independent- of deflectlon as predicted by theory (see eg. (4) and
fig. 8 for sample results). For egusl values of 1ift, the drag rise is
the same for any combination of a + 8. The deviation that appears in
the high angle-of-attack range of figure 8 is to be expected since the
1ift curves are nonlinear sbove a« + & ® 8°. 1In figure 3, at small
deflections, theory gives & good prediction of the drag coefflcient
throughout the angle-of-attack range. As & increases, theory overpre-
dicts the magnitude of the drag. Although it may appear that the devi-
gtion, shown in figure 3, between theory and experiment is Que entirely
to the inaccurate prediction of the dreg rise, in reaslity the Iinaccuracies
in predicting Chmin and D in contribute & major part of the deviatlon

(this is clearly shown in fig. 8).

Effects of Reynolds number, fixing transition, and wing-body gep
width.- The systematic tests made Lo determine the effects of Reynolds
number, transition, and gep (table III), as discussed earlier in connec-
tion with 1ift, also included drag. Typical results are presented in
figure 9. It was found that the effects of Reynolds number, transition,
end gep were smell or negligible. Variations in Cp of the order of
+0.05 were considered small.

Hinge Moment and Wing Center of Pressure

The hinge-moment data obtained at M-= 1.h6 are presented in figure 3,
end they are discussged In the following paragraphs.

Effects of o'and b5.- Because the magnitude of the hinge moments is
rather low, they have been plotted to a moderately large scale in figure 3.
At B = 0°, Cp 1is approximastely zero throughout the angle~of-attack range.
Positive deflection has the effect of lowering the over-all level of the
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hinge-moment curvea, Cp becoming increasingly negative with increasing
deflection. TFor.all deflectlons tested, except 8 = 0°, the hinge-moment
variation with angle of atteck 1s nonlinesar.

Wing center of pressure.- As the serodynamic effects are not com-
pletely specified by the hinge-moment coefficient alone, wing center-of-
pressure position has been plotted in figure 10, wherein the center of
pressure has been computed from the relation

X=X ____Cn _ c
L (CL)w(z) H[Kw(B)q. + ;(3)6]@%% o

The value of % for the wing-body combination (fig. 5) was used; this
involved the assumption that the relative effectlveness of the exposed
wing panels In the presence of the body is approximately the same as
that of the wing-body combination.

The good balance characteristics of a triangular, all-movable wing
control at M = 1.4 throughout the angular range are indicated by
figure 10. At & = 09, the particular control arrangement tested is
balanced at all angles of attack. For all « >-l-l/é°, the wing center
of pressure moves aft with incremsing deflection, but, even at & = 169,
it is within about 3-percent ¢ of the hinge line. At any constant &,
the center-of-pressure shift is not more than sbout 2-percent ¢ at
posltive angles of attack.

Comparisons with theory.- For direct comparison, the theoretlcal
hinge moment given by equation (6) has been plotted in figure 3, and the
theoretical center-of-pressure positions given by equations (9) and (10)
have been plotted in figure 10. With regard to hinge moment, the agree-
ment between theory and experiment in figure 3 is satisfactory in the low
and moderate angle-of-attack range, where the theory is applicable, at
all deflections teseted. In the high o range, egpecially at the higher
deflections where the experimental curves become decidedly nonlinear, the
theory fails to predict the magnitude of the hinge moment.

With reference now to figure 10, it is seen that the modified theo-
retical prediction of the center-of-preasure position due to angle of
attack at & = 0° 418 almost within l-percent ¢ . of that obtained by
experiment, which is within the accuracy limite of both experiment and
theory. Theory gives a rearward shift in the center of pressure due to
deflection at « = 0° of about 2-1/2-percent <T which is almost exactly
equal to the shift found by experiment. Also shown in figure 10 are the
ummodified theoretical center-of-pressure positions given directly by the
chert of reference 1. The values are about 6~percent © aft of the
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values given by experiment; thus, the modification to the theory used
herein isg justified for this particular wing-body combination.

Effects of Reynolds number, fixing transition, and wing-body gap
width.- The tests (table IIT), discussed earlier, made to determine the
effects of Reynolds number, fixing transition, and gap on 1lift also
inciluded hinge moment. A study of the results (sample shown in fig. 11)
revealed that the effects of Reynolds number and fixing transition were
small or negligible. Variations in Cp of the order of 0.0l are con-
sidered small. Some .effect of gap is shown in the vicinity of o & 87
.the effect is not considered large, however, since the magnitude of the
hinge moment is small due to the close balance of the control.

Effects of Mach number.- Hinge-moment data at M = 1.99 are pre-
sented in figure 4. Tt is to be noted that the hinge-moment curves have
the same general sghape at all deflections: The curves are nesrly linear
{avaramn o~ o ope A faast I tatal angla § of sbout 2590
\average siope U = -u-uucfu.c5) Up ©O & Tota.L angie o + o OL a&plout 2%,

at larger total angles they are also essentially linear at a greatly
increased slope (average Cyp,, = -O. 023/deg). This increased slope appears

to be due to & reerward shift of the center of pressure. The trend of the
theoretical hinge moment at M = 1.99 is, in general, similar to that com-
puted at M = 1.46; consequently, the results are not plotted in figure k.

Experimental hinge-moment data at Mach numbers of 1.46 and 1.99 are
compared directly in figure 12 for deflections of 0° and 16°. Mach num-
ber is seen to have little or no effect on Cp &t asngles of attack below
6°. The trends of the curves are noticeably different at higher angles
of attack.

CONCLUSIONS

The following conclusions have been reached from a study of the
results of systemmtlic tests of a triangular all-moveble wing and body
configuration:

1. The relative effectiveness, defined as the ratio of experimentsl
1ift to theoretical 1ift, was between 63 and 98 percent throughout the
engle-of-attack and deflection range tested. The theory of NACA RM AS2D29
was adequate for the prediction of the 1lift variation in the low o + &
range to which it applies.

2. Por equal values of 1ift, the drag rise was the same for any
combination of a + &3 however, for equal angles the drag rise due to
deflection was only eabout half that due to angle of attack. The increase
in minimum drag due to deflection was small. The theory of WACA RM AS2I30
was adequate for the prediction of drag only at small angles of attack and
small deflections.
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3. The wing as a control car be falrly closely balanced over &
large o and & range since the meximum center-of-pressure ghift was only
about 3 percent of the mesn serodynamic chord at positive angles of attack
at M = 1,46. The method of NACA RM AS2D29 for predicting hinge moment
and center of pressure, as modified herein, gave Tairly good agreement
with experiment at o + B less than sbout 20° at M = 1.k6.

4. Reynolds number variation, fixing trensition at the body nose,
and wing-body-gap width variation, over the range of variables tested,
had little or no effect on 1ift, drsg, or hinge moment at M= 1.k6. The
effects of Mach number on hinge moment were nil et low angles of attack.

Amep Aeronsautical Iaboratory
Natlional Advisory Conmittee for Aeronsutics
Moffett Field, Celif., June 22, 1953
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TABIE I.- VALUES OF PERTINENT PARAMETERS AT M = 1.46

(CIa.)W (calculated fromref. 2) ¢« + v o « « o . 0.291
Kg (ref. 1) ¢ @ 0 v v v v vttt v e e i e 0.120
Ko(w) (Tefe 1) « o v v v vt i i v v v ... 0275
KW(B (refe 1) v ¢ ¢ v ¢ 6 e o o o o o o o o @ 1.165
kp(wy (ref. 1) . ¢ o v v v v i v i e e oL 0.221
kg(g) (ref. 1) . o v oot i il el 0.94h
c (eq. (2)) &« ¢ ¢ & ¢ v 4 4t e b b e e e e 0.454
CLg (ea. (3)) ¢« v ¢ ¢ 4 & ¢ 4 v o o o e e e e 0.339
Cdq (ref.e b)Y & v ¢ v ot it h h e e e e e e 1.2

T o(ref. B) . & . i i e e e e e e i e e e e e 0.685
[('f/cr)w:pr (ealculated from ref. 2) . . . . . 0.620
[(E/CT)W(B)U'_Lheo (ref. 1) & v v v @ ¢ v o o 0.650
[(i/cr')W(B)Slheo G2 T 0.668
[(E/cr )Wltheo ................. 0.667
(X/crzH (B1g. 2(8)) « & v v 4 e e e e e e e 0.611
Chy (€2. (7)) & ¢ ¢ ¢ ¢ v v e i v v v v v v . C.0041
Chg (eg. (8)) . . ¢« ¢ v v . v i it v i o -0.0041
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TABLE IT.- MODEL DIMENSIONAL DATA

[The dimensions given below are deslgn values; maximum
deviations are not more than #0.025 inch. ]

Body

Tength « ¢ ¢ v o o ¢« ¢« e o o v ¢ o« o o o« « « .« . 10.500 in,
Maximum diameter . « « « ¢« + ¢ o ¢ o e 0 e e e e 1,125 in.
Fineness ratio . e e e e i e e e e e e e e e e e . 9.333
Base (and maximum cross-section) area . . . . . . 0.99% sq in.
Plan-form @rea . - « « « « o « » & o « o « o o 10 473 8g in.
VOlUmE « + =+ & « o o o o o o o o » s o o o « o o 8.83 cu in.
Noge length . & & v o« &+ & « o e e e e s o o « « 3.188 in.
Nose 8hAPE . « v o o o o o 30° cone with an ogival trans-
ition section (tangent to cone
and cylindrical afterbody)

Wing

Span (N0 EBD) + « « ¢ ¢ 4 o o e 0 4 e s 4 e s e e 5.625 in.
Aresa _ _ '
Exposed panels joined together . . . . . . . . 5.062 sq in.
Total (leading edge and trailing _
edge extended to body axis) . . « . . . . . T7.912 sq in.
Maxlmum chord
At body juncture . . . . . e« e 4 o o s e o a 2.250 in.
At body axis (leading edge and _
trailing edge extended) . . - « « + + + . . o . 2.812 in.
Mean merodynemic chord (exposed panels) e 4 e « s . 1.500 in.
Thickness ra8ti0 .« ¢« o ¢ ¢ v o « o o « o o o o « o o « « 0.08
Sweepback of leading edge . . . . .. e« « <« . . LWx°
Aepect ratic (exposed panels joined together) e« e 4 s e
Airfoil sectiom . . . ¢ v ¢ o o« = ¢ o o o s o« « o Symmetrical
"double wedge

Miscellaneous

Reference moment center (aft of nose) . . . . . . . . 5.250 in.
Wing-body gap , '
Normal . . . vt e e e e e s e .. 0.016 in.
Extended (for these tests) e e e e e e e 4 e . 0.062 in.
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TABLE IIT.- SCCPE OF THE TEST PROGEAM

1 - 25
5} %nom, range nom,
R x 10 deg deg g/d Transition
1.6 1.3 -6 to 6 -5,5 0.013 Natural
1.3 1 to 13 o] 0.057
2.8 -6 to 13 -5,0,2, 0.013
5,8,12,16
-6 to 13 0,8 0.057
0 to 13 12 0.057
-6 to 6 -5,0,5 0.013 Fixed
o] 0.057 Fixed
L.1 l -5,5 0.013 | Natural
.1 1 to 13 0 0.057
5.7 -6 to 13 -5,0,2, | 0.013
5,8,12,16
-6 to 13 0,5,8 0.057
0 to 13 12 0.057
-6 to 6 ~5,0,5 0.013 Fixed
v -6 to 6 o} 0.057 Fixed
1.99} 5.8 ~5 to 25 0,5,8, 0.013 Netural
12,16

lrxcludes deflection due to bending of support syﬁtem under load.
2511 data are presented in terms of these nominal values.
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Figure 2.~ Gontinued.
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Model on 7° sting; & = 169, balance at 0°

(¢) Installation of model in tunnel.
Figure 2.~ Concluded.
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